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Abstract The abandoned mining sites are a major current area of concern as they generate consequences from environmental, 
economic and social perspectives within traditional industrial areas. Former uranium mining at Ciudanovita, located in the South-
Western part of Romania, represents an example of such a situation. The aim of the present study is to analyze the social effects 
(professional morbidity, rate of mortality) and economic ones (such as: unemployment, economic decline due to the restructuring 
of mining, loss of productive land) generated by the exploitation of uranium. The high rehabilitation costs and lack of 
involvement of the local authorities determine a halt in solving the issues of environmental degradation and socio-economic 
consequences. Closure of uranium exploitation from Ciudanovita involved conducting certain ecological actions, but there were 
no procedures regarding the security and long term health of population or to decrease the adverse economic impact. The 
objectives of this study aim to identify priority actions in order to improve the population’s health condition and to reduce the 
negative economic effects generated by closing the uranium mine. Ciudanovita has a significant agricultural potential, but at 
present the agriculture is limited by the degraded lands. 
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1. Introduction 
For the past years, multiple negative effects associated to the abandoned mining sites have led to a rethinking of 
the traditional industrial areas [1], based on the assessment of the current situation and the implementation of various 
rehabilitation programs in order to ensure a viable socio-economic environment for local communities [2, 3, 4].    
The complexity of this issue concerning abandoned mining sites also arises from the fact these areas, in which 
exploitations were conducted over a long period of time [4, 5] due to the lack of any remediation actions, are 
affected by historical pollution.  
Mines closure proves to be of great importance to all the involved parties [4]: the mining companies (from the 
perspective of reducing the environmental, social and security hazards, as well as ensuring the necessary funds for 
rehabilitating the mining areas); for the local and central authorities (from the point of view of solving the acute 
environmental issues and also to socially and economically revive the closed mining site areas); for communities in 
order to identify measures of social and economic redevelopment. Moreover, the abandoned mining sites may 
generate different forms of pollution during post-industrial period, unless certain rehabilitation measures are adopted 
[6, 7]. 
The mining industry is among the most polluting economic activities, that may have direct effects upon people’s 
health [8], consequently to the exposure to polluting agents, or indirectly, resulted from the activity of the latter onto 
water, air, soil and vegetation [6, 9]. Concerning the negative environmental impact, there are three main types of 
waste arising in uranium mining and milling operations: mine wastes (rocks and low grade ore), milling wastes 
(tailings) and waste water [1, 6, 10, 11, 12, 13]. Also, mining operations determine the environment degradation by 
soil erosion [14, 15, 16, 17, 18]. 
Another channel through which contamination may reach the environment from uranium mining is air. Radon, a 
gas produced from the radioactive decay of uranium, can be ingested or inhaled [19, 20], generating harmful effects 
on the health of population [21]. Consequences of miners’ exposure to polluting agents onto their health condition 
are analysed worldwide, representing a real concern due to the degenerative nature of the occupational diseases 
associated to the underground working environment [22, 23, 24, 25]. Uranium mining is associated to health 
problems [12], its effects causing various forms of occupational morbidity: lung cancer [12, 26, 27, 28, 29, 30], 
respiratory illnesses (silicosis, pneumonia and emphysema) [12, 31, 32].  
All these are the potential for psychological trauma, resulting from long-term occupational illnesses and 
environmental degradation [32]. Occupational morbidity, associated with human exposure to radiation or the use of 
water sources contaminated located inside the mining area, is the main cause of high mortality among miners [30]. 
Radiation can affect other categories of local population, not only the miners. For example, the decay products of 
uranium in tailings provide a constant source of radiation for a long period of time. The most affected persons are 
those who live in the vicinity of a uranium mine. Impacts of exposure are related to birth defects, some congenital 
abnormalities and hereditary illnesses [12]. Uranium can also affect fertility and postnatal viability [12]. 
Other negative effects related to the abandoned mining sites are reflected in demographic characteristics of local 
communities: e.g. the decline in population [33], a large part of the population immigrating to areas where they can 
find a job. These areas, where the mining exploitations have been closed, generate negative effects at an economical 
level, decreasing the land value, generating a decline in productivity of the agricultural land [34] though land 
degradation, which leads to restrictions over the possibilities to use the land for other purposes (agricultural, forestry, 
recreational). The present study is focused on assessing the negative social and economic effects generated by the 
exploitation of uranium in Ciudanovita, situated in the South-Western part of Romania, in Caras-Severin county. 
The exploitation of uranium in Romania started in the 1950s [35]. When Romania was defeated in the 2nd World 
War, this country paid part of its war debts by providing uranium. This period was defined by an increase in uranium 
mining on a national level by Soviet-Romanian joint ventures (called SOVROMs). The production was initiated 
thorough the opening of two mining areas: Baita (Bihor county) in 1952 [35] and Ciudanovita (Caras Severin 
county) in 1954 [36]. At Ciudanovita the uranium deposits were exploited using an underground mining system. 
After Romania had completely paid off its war debts, the exports to towards the Soviet Union continued, yet being 
gradually diminished. From 1962 the production has been made only with Romanian participation and new mining 
areas were opened (Avram Iancu, Crucea, Botusana, etc.) [35]. After 1990, taking into consideration the exhaustion 
of uranium from Ciudanovita [35, 37], it was taken the decision to carry out the works for conservation, 
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decommissioning, rehabilitation and post-closing surveillance of different mines national wide, including the 
uranium exploitation from Ciudanovita [38]. 
In the late 90's several pilot projects were proposed for the closure and rehabilitation the uranium mines from 
different Central and Eastern European countries (Czech Republic, Slovakia, Albania, Estonia, Hungary, Romania 
and Bulgaria). In Romania the pilot project was conducted for the Ciudanovita uranium mining site during the 
conservation period [10]. Most of these projects were linked together. Therefore extensive communication lines have 
been established in order to disseminate exchange of information, experience and results to all participating 
countries. Also, preliminary results were presented in common workshops that took place in Czech Republic in 
September 1998 (focused on developing the water balance of a tailing pond), Hungary in October 1998 (on 
stabilizing tailing pond interior); the last workshop took place in March 1999 in Romania and was focused on 
closure and flooding of deep underground uranium mines [10]. The Ciudanovita mine has a complicated internal 
structure and different pumping levels. During the conservation period, technical projects were designed for the final 
closure and rehabilitation. The best solution was to initiate the process of flooding the mines [13], meanwhile also 
monitoring the mine water for their environmental impact and their economic consequences. 
The purpose of the paper is to analyse severe impacts of environmental degradation on human health; also, the 
study is focused on the effects produced by mines closure on local economy. 
2. Methodology 
The study was conducted to reflect the negative effects on the well-being of the local population generated by 
the mining restructuring process. For this purpose the authors collected data regarding the population evolution and 
its health, that were affected by the mining process over the time. Demographic data were locally collected from 
different institutions. Data regarding the population health status were collected from the Department of Public 
Health Caras-Severin. To reflect the demographic changes and health status of population and to quantify the 
process, several indices have been used, such as: the evolution of the inhabitants, the natural dynamics of 
population, occupational morbidity. 
In numerous studies the professional morbidity is assessed in correlation with the general mortality data [8, 39] 
and the male mortality one [30, 40, 41, 42, 43, 44, 45]. Additionally, the economic data have been collected too (the 
employment structure modifications by sectors in order to outline the fall of the mining activity). The authors used 
the ArcGIS Desktop Advanced 10.3.1 software to elaborate a geospatial database and furthermore the primary data 
were processed and analysed. ArcGIS software was used for drawing up relevant maps. The authors realized two 
campaign fields (in 2011 and 2014) in order to provide detailed field observations regarding the social and economic 
impacts of mining in Ciudanovita. 
3. Results and discussions 
The exploitation of uranium from Ciudanovita generated multiple consequences on both the natural and the 
socio-economic environment. At the same time, it can be noticed that, even now, the former mining site causes 
damages to the natural environment due to the presence of different pollution forms (solid one: 6 tailings dumps that 
cover approximately 14.74 hectares [46], liquid: the mine waters affect the surface and groundwater; the trenches by 
washing the waste mining dumps pollute the surface waters [37]). Several studies have been elaborated based on 
measuring activity concentrations of radionuclides in surface water, soil and air that revealed the radiological risk 
coefficients for population [47, 48]. The population’s exposure to risk factors led in time to the occurrence of 
professional morbidity cases among miners.  
The evolution of professional disease cases in the Ciudanovita commune was analysed on a specific period of 
time (fifty years), in order to take a causal perspective on the phenomenon's complexity, also taking into account the 
tradition of the mining activity that marked the commune's history. Given the special conditions of work in the 
underground, the miners from Ciudanovita were diagnosed with occupational diseases, pointing out the high 
incidence of certain respiratory diseases (caused by silica dust and radon decay products), such as silicosis, silico-
tuberculosis (a complication of silicosis) and lung cancer (Table 1). The causes of these diseases are multiple, being 
conditioned by the underground working environment (deficiencies in ventilation, mining technologies that trigger 
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risk factors) and in addition, pollution forms that exist on the surface (presence of mine waste dumps containing 
radioactive ore).  
     Table 1.Number of cases of occupational morbidity in Ciudanovita commune and Banat province (1965). 
Occupational diseases Ciudanovita 
commune (t) 
Banat province (t) 
Silico-tuberculosis 7 64 
Suspect silicosis 20 75 
Silicosis grade1 
Silicosis grade 2 
Silicosis grade 3 
Lung cancer 
57 
3 
2 
3 
144 
87 
9 
10 
                                                                          Source: Department of Public Health Caras-Severin 
 
The preponderance of the silicosis and the silico-tuberculosis is explained by the systematic presence of dust 
silica that causes a higher frequency in getting occupational diseases (Table 1). In this period a large number of 
occupational diseases has been registered as mentioned in the legislation medical checks were mandatory. Also, in 
this time, there were different criteria for diagnosing stages of pre-silicosis.  
The gravity of the situation led to the conduction of a study of occupational diseases by the Ministry of Interior 
in 1970, that reflected a 3 times increase in lung cancer rates among the miners. This study was never available for 
scrutiny among the public health community [36]. The analysis of the statistical data, starting with 1990, highlights 
the general decreasing tendency of new cases of occupational diseases (Table 2).  
     
Table 2.Number of cases of occupational morbidity in Ciudanovita commune and Caras-Severin county (1993). 
 
Occupational diseases Ciudanovita 
commune A (t) 
Caras-Severin 
county (t) 
Silico-tuberculosis 4 36 
Suspect silicosis 
Silicosis grade1 
Silicosis grade 2 
Silicosis grade 3 
2 
5 
2 
1 
10 
27 
34 
7 
                                                                                    Source: Department of Public Health Caras-Severin 
 
This decrease is triggered by the major structural changes within the national economy, but also by a decrease in 
exigency to monitor the occupational diseases (not performing the medical periodical examination for a large 
number of employees exposed to contaminant gas). The cause of absence from medical examination is connected to 
the fear of being diagnosed with serious professional diseases, which would determine, as the case may be, the 
patient's retirement or sending the employees in other sub-sectors of activity, where payment is inferior. 
This decrease may also be explained by the reduction of mining employees number. Laid off miners may present 
different forms from silicosis; late cyclical signs of illness appear only after 15-20 years of exposure. Although 
under the communist regime there were taken measures regarding the miners’ health conditions, they were not 
informed about the seriousness of the situation. After 1990, the medical periodical examinations were no longer 
compulsory, so the statistical reports indicate a decrease in new cases of suffering of occupational diseases.  
The effects of exposure to risk factors still currently affect the local population, pointing out the high degree of 
incidence in diseases associated to radioactivity and high frequency in mortality by occupational diseases within the 
population aged 45 to 50 years. 
The difficulty of elaborating a detailed study regarding the occupational diseases dwells upon the fact that there 
are series of limitations regarding the lack of some data. This is due to the fact that the periodical medical exams 
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were not performed (as before). These could allow gathering relevant information, such as: the miners’ age when 
they were diagnosed, the period of the workers’ exposure to the risks factors, data regarding the health condition 
evolution of the miners diagnosed with occupational diseases, information on behavioural risk factors (smoking, 
alcohol consumption). 
Also, the exposure to risk factors may affect other population categories which did not work in mines, but for 
these cases there are no available data. 
In order to assess the gravity of the occupational diseases, it is also important to take into consideration the 
economic consequences associated to the increase in social costs: the decrease in the working capacity, the early 
retirement, the expenses necessary for healthcare.  
Other consequences of the mining activity can be noticed from a demographic point of view. The population 
development has been strongly influenced over time by mining activity. The evolution of population reflects, from 
one period to another, some fluctuations: prior to the discovery and exploitation of uranium, the population was less 
numerous (from 1,223 persons in 1900 to 866 in 1930, resulting a rate of decrease: -29,19%); once mining became 
the major economic activity, the population increased in geometric progression (Fig. 1). 
 
 
 
                                                          Fig. 1. The evolution of population 
                       Source: Department of Statistics Caras-Severin, data processed by authors 
 
At this stage, the population had increased 5 times (from 866 persons in 1941 to 3,501 in 1966, resulting a rate of 
increase: 304,27%) on account to migration of people who came from different parts of Romania, being motivated 
by the large salaries.Within the flourishing period of mining, the number in mining employees was around 12,000 
[36]. Later, when the mining activity gradually diminished, the population decreased, on the one hand due to 
regressive migration (non-indigenous people departures in areas of origin), and on the other side, due to the high rate 
of mortality.  
The high mortality rate (24‰ in 1993 or 21,72‰ in 1998) is triggered by the large number of occupational 
diseases due to miners’ exposure to risk factors. At the same time, for certain periods of time, there is a noticeable 
higher mortality rate among the male population which is explained by high incidence of occupational morbidity 
among mining workers (Fig. 2). Male mortality rate follows the same trend as the overall mortality, which is 
explained by the existence of cases of occupational morbidity. In the analysed period, there are few intervals when 
the values are very high overall mortality and the male population. The years 1955-1966 are representative for the 
maximum development period of mining, when there are reported numerous cases of occupational diseases. Later, 
in the early 90s, mortality values remain at high points (standing out two peaks in 1993 and 1998) due to lack of 
monitoring the health of miners, which caused increased cases of severe occupational diseases. There is a decrease 
in the overall general and male mortality after closing mining activity, but that is subsequently followed by a 
significant increase. This increase is caused by silicosis and silico-tuberculosis, that gets to progress rapidly in the 
absence of drug treatment and continuing medical monitoring, also affecting the health of miners (Fig. 2). 
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                                                                                           Fig. 2. Evolution of birth and death rates 
 Source: Department of Statistics Caras-Severin, data processed by authors 
 
The closure of the mining activity has generated an economic decline. Ciudanovita is situated in a former 
industrial region that is rich in underground resources. After 1990, in Ciudanovita industrial activity registered a 
significant decrease, as an effect to the economic restructuring. This led to the inclusion of Moldova Noua-Anina 
area (which includes Ciudanovita, as well) in the category of the disadvantaged areas [49]. 
In this context, there are major imbalances in employment field due to the fact that the number of unemployed 
people has considerably increased.At the same time, there is a large number of long-term unemployed personsas the 
professional mono-qualification has limited the employment of the population in other activity sectors. Another 
cause represents the lack of implementation of employment policies through special programs by the local or 
regional public administration (Fig. 3). 
 
                
 
Fig. 3. Evolution of unemployment    Fig.4. Evolution of work force on economic activities 
Source: Department of Statistics Caras-Severin, data processed by authors 
 
While there has been a number of estimates for the increase of the number of jobs generated by environmental 
works, in reality the number of people involved was reduced.Currently, most of the population shifted to agriculture, 
the economic activity which is mostly practiced by native population from Ciudanovita (Fig. 4). The agriculture was 
the main economic activity of this area [50] until the uranium mining exploitation began. The agricultural 
development is supported by the presence of vast pasture and meadows (Fig. 5). 
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                                                                 Fig. 5. Map of land use in Ciudanovita commune 
 
The presence of the mine waste dumps limits the development of different economic activities (especially 
farming and animal breeding). The entire surface of the sterile dumps is not protected; the precincts are not 
enclosed, thus allowing the direct contact of local people with the radioactive material from the mine waste dumps. 
These areas have radioactively contaminated soil where grazing is practiced and people live nearby. The population 
of Ciudanovita commune practices subsistence agriculture. This is mostly caused by land degradation and decrease 
in quality. 
Another effect generated by the mine closure is the massive emigration of the non-indigenous population, which 
caused degradation of the housing area (Fig. 6a). At the same time, we can notice an increased deterioration of the 
mining administrative buildings (many of them are in ruins) (Fig. 6b).  
 
                                              
Fig. 6. The poor condition (a) of the residential area and (b) of the mining administrative buildings 
 
The advanced state of decay of the abandoned residential buildings from the workers’ colony and the 
administrative buildings belonging to the former mining enterprise can also be explained by the destruction actions 
done by people with low income (ie. theft of bricks, sanitary ware etc.). The degradation state of the built areas 
generates a strong unaesthetic aspect.   
Most notably, there is a significant contrast between Ciudanovita workers’ colony and the old village. The 
workers’ colony is a reminiscence of the industrial periods; thus, along with the other elements of infrastructure, the 
original countryside setting has altered significantly. Unlike the area where the traditional houses are concentrated, 
the workers’ colony is made up of collective dwellings. 
Ciudanovita is among the oldest settlements in the Banat province, the first information about the village dating 
back to 1782 [50]. Within the village, there are several patterns of vernacular architecture stand that reflect the 
multicultural character of the Romanian Banat, due to the coexistence of several ethnic groups (Germans, 
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Hungarians, Serbs) along with the Romanian population (Fig. 7a, b). In the village, the households built before 1900 
represent 60% of the total number of households, being characterized by historical and architectural value.  
 
                                               
                                                                    Fig. 7. Traditional houses - Ciudanovita village 
 
  After analysing the consequences arising from the Ciudanovita former uranium site, certain priorities ought to be 
formulated in order to limit the negative effects on both the population and the local economy. 
One of the priorities set makes references to the purchase of a new water treatment plant for the decontamination of 
mine waters. The polluted surface water used by the population for domestic use and agriculture is to be limited.  
Several authors propose the decontamination of Ciudanovita former mining area to be done using bioremediation 
based on climatic conditions (rainfall level, altitude, annual average temperature, subtype of temperate climate), bi 
and tridimensional data processing, statistical and biochemical analyses [51]. Several solutions have been proposed: 
revegetation [37], using gastropods, Helix pomatia, that are one of the most versatile groups of molluscs, 
characterized by an extraordinary biodiversity and capacity to adapt to various environmental conditions [51]. 
The remediation activities resumes to the involvement of rehabilitation of the land and the watercourses to 
acceptable standards of productive use, including the requirements for removal of the materials located in waste 
dumps, soil restoration [14, 52, 53, 54]. 
Reclamation of abandoned mine sites can add to the economy by creating jobs, restoring the health of the 
environment and providing future economic activities [54]/ 
A particular challenge for abandoned mines management is to implement effective rehabilitation with social and 
economic benefits. 
   Serious professional diseases, such as silicosis or its complications, silico-tuberculosis, impose an evaluation of 
the employees' work capacity which supposes not only the clinical, functional diagnosis, but also the work 
estimation evaluated within the context of biological and social factors. Recommendations are made according to 
the stage of the disease in discussion and according to the remaining work capacity, indicating accessible work 
forms, by exerting which the organism's functional levels can be increased or maintained. 
The concerns regarding the decrease in professional morbidity cases are priority directives at European level, 
materialized through the development and the application of the health and work safety concept, which were 
transposed in the Romanian legislation in the past few years. The reduction measures against occupational diseases 
suppose several enchained actions: estimating the exposure risk to hazards, instructing and communicating the risk 
to the population. These actions would allow decreasing the causes of the occupational diseases, as well as 
monitoring the diagnosed persons to ensure limitation in the evolution of affections and to support the affected 
persons to continue their lucrative activity.     
  Rehabilitation is necessary in order to restore the degraded lands in agricultural circuit. Rehabilitation measures of 
mining affected areas are a priority to rethink the development of the Ciudanovita commune. 
  In order to redevelop the local economy, it is necessary to initiate measures for professional reconversion of the 
population, followed by the development of certain activities related to wood exploitation and processing.  
 
4. Conclusions 
 
The analysis of the impact of mining activity in the studied area revealed multiple effects produced both in the 
environment and in the socio-economic system. The authors underlined that the damages inflicted upon the 
environment directly affect the health of the population. 
Based on the statistical data, the authors have highlighted the specificity of the professional morbidity within the 
population of Ciudanovita commune, caused by the exposure to hazards associated to the extracting industry. The 
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miners represent the most affected population group by the exposure to risk factors, with a highlight on the large 
number of certain diseases which severely harm their health. At the same time, the occupational diseases alter the 
working capacity of the employees, diminish the working period (early retirement) and triggering the decrease in 
life expectancy (high frequency in mortality by occupational diseases within the population aged 45 to 50 years). 
There are also other population categories that can be affected by the exposure to radiations (the miners families, the 
population living near the mining sites and near the mining waste dumps).  
It is of the utmost importance to know the typology of the occupational diseases within an area, especially in the 
areas affected by the industrial restructuring, the occupational diseases generating major restrictions to a sustainable 
development, along with other disequilibrium issues caused by mining. In this study, the authors have insisted upon 
the population dynamics that has been strongly influenced over the time by the mining activity. While the 
population of Ciudanovita enjoyed an ascending evolution during the uranium exploitation period, after 1990 the 
restructuring of the mining sector triggered a series of demographic consequences, the most essential being the 
decline of the birth rate and the intensification of emigration abroad.  
The economic background of Ciudanovita underwent changes in its evolution, mainly as a result of the effects of 
the economic and historical factors. In the current post-industrial stage, the authors have identified the main effects 
determined by mine closure (the population fired from mining is unemployed, the perspective of finding other job 
vacancies being limited). At the same time, the degraded mining sites restrict carrying out certain economic 
activities (the waste mining dumps cause an anthropogenic parasitical action on the land). Thus, it is necessary to 
rehabilitate the land affected by mining. This action has two objectives: to enable better living conditions for the 
population and to facilitate the development of other economic activities (especially agriculture).The rehabilitation 
process will serve as the foundation for optimization of land usage and functional reintegration of degraded land. 
Engaging stakeholders to assist in identifying the true value of an abandoned mine site (including environmental, 
social and economic considerations) can assist in developing appropriate management options for the former 
uranium site. 
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